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Description 


SYSTEMS, METHODS AND COMPUTER 
PROGRAM PRODUCTS FOR REMOTE 
MONITORING OF TURBINE 
COMBUSTION DYNAMICS 

Background of Invention 

[0001] The present invention relates to turbines, and more par- 
ticularly, to systems, methods and computer program 
products for remotely monitoring the combustion dynam- 
ics of turbines to enhance their operation. 

[0002] As part of the monitoring controls and diagnostic tools for 
an operating combustion system in a rotary machine such 
as a gas turbine, it is necessary to measure and acquire 
various data including combustion chamber dynamic 
pressure. This data is used to confirm proper operational 
health of the combustion system, and is also used to tune 
the turbine engine so that it is operating with an appro- 
priate balance between combustion dynamics and emis- 


sions. 

[0003] Measuring the dynamic pressure in tlie combustion cliam- 
ber to monitor turbines is well known. U.S. Patent Nos. 
6,722,135, 6,708,568, and 6,694,832, each owned by the 
assignee of the present invention, generally describe the 
use of pressure chamber devices and measurements to 
monitor vibration in the firing chamber of gas turbines. 
Such vibration monitoring allows turbines to be run closer 
to their fail points because the system can detect and take 
appropriate action should vibration in the turbines exceed 
pre-established limits. For instance, in response to detri- 
mental pressure within combustion chambers, a turbine 
may be slowed to allow it to stabilize. After stabilization 
the turbine may be once run at higher output levels, such 
that the overall operational efficiency levels of the turbine 
are enhanced. 

[0004] Current combustion chamber dynamic pressure monitor- 
ing systems are local to the turbine that is monitored. For 
instance, at least one system, the EDAS-CE™ by Experi- 
mental Design and Analysis Solutions, is a combustion 
monitoring system positioned local to a turbine to be 
monitored. Using local monitoring systems requires that 
engineers perform maintenance and/or tune turbines at 


their location. Tiiis typically occurs routinely, such as 
twice a year. This process is expensive because it requires 
site visits to each turbine. These systems also fail to pro- 
vide continuous monitoring to prevent turbine failure. 
[0005] What is therefore needed is a system and method for re- 
motely monitoring the combustion dynamics of turbines 
to enhance their operation. 
Summary of Invention 

[0006] The present invention is directed generally to systems, 

methods and computer program products that enable the 
remote monitoring of the combustion dynamics of tur- 
bines. Remote monitoring permits a single user to contin- 
uously monitor the operating health of a fleet of turbines 
simultaneously from a single location. According to one 
aspect of the present invention, the user is presented with 
one or more graphical user interfaces that graphically dis- 
play combustion dynamics data to a user to enable the 
user to visually quicl<ly determine whether the turbine is 
operating within prescribed limits. The system permits the 
user to determine whether each turbine is operating to its 
maximum efficiency. According to one aspect of the 
present invention, based on the combustion dynamics 
data, the operation of each turbine within a fleet of tur- 


bines may be controlled, either by the operator or auto- 
matically. 

[0007] According to one embodiment of the present invention, 

there is disclosed a method there is disclosed a system for 
monitoring a plurality of turbines. The system includes at 
least one turbine and at least one combustion dynamics 
monitoring device in communication with the at least one 
turbine. The at least one combustion dynamics monitoring 
device is operable to measure the pressure within at least 
one combustion chamber of the at least one turbine. The 
system also includes at least one fleet server in remote 
communication with the at least one combustion dynam- 
ics monitoring device, operable to generate a graphical 
display illustrating the operational status of the at least 
one turbine. 

[0008] According to one aspect of the invention, the system fur- 
ther includes at least one turbine monitoring device in 
communication with the at least one turbine, operable to 
monitor non-pressure related information associated with 
the at least one turbine. According to another aspect of 
the invention, the at least one fleet server is in communi- 
cation with the at least one turbine monitoring device, and 
the at least one fleet server receives the non-pressure re- 


lated information from tlie at least one turbine monitoring 
device. According to yet another aspect of tlie invention, 
the graphical display generated by the at least one fleet 
server illustrates the pressure within the at least one com- 
bustion chamber of the at least one turbine. The graphical 
display generated by the at least one fleet server may also 
simultaneously illustrate the pressure within the at least 
one combustion chamber of a plurality of the at least one 
turbine. 

[0009] According to another aspect of the invention, the at least 
one combustion dynamics monitoring device may be fur- 
ther operable to generate frequency information revealing 
acoustic vibrations in the at least one turbine. The fre- 
quency information can include the maximum pressure 
within each of the at least one combustion chamber of the 
at least one turbine. Furthermore, the frequency informa- 
tion may reveal acoustic vibrations in the at least one tur- 
bine in a plurality of frequency bands, which may exist 
within the frequency ranges of 0 to about 3200 Hertz. 

[0010] According to yet another aspect of the invention, the 

graphical display generated by the fleet server identifies 
the combustion chamber having a maximum pressure 
value measured by the at least one combustion dynamics 


monitoring device. Tlie graphical display generated by the 
fleet server may also include the site location of the at 
least one turbine. Additionally, the at least one fleet server 
may be accessible by users via the Internet. 

[001 1] According to another embodiment of the present inven- 
tion, there is disclosed a method for monitoring a plurality 
of turbines. The methods includes using at least one com- 
bustion monitoring device to monitor the pressure within 
at least one combustion chamber of at least one turbine, 
and communicating the monitored pressure to at least 
one fleet server in communication with the at least one 
combustion monitoring device. The method also includes 
displaying, using the fleet server, the operational status of 
the at least one turbine. 

[0012] According to one aspect of the invention, the method fur- 
ther includes the step of using at least one turbine moni- 
toring device to monitor non-pressure related information 
associated with the at least one turbine. According to an- 
other aspect of the invention, the method includes the 
step of receiving, at the at least one fleet server, the non- 
pressure related information. According to yet another as- 
pect of the invention, the step of displaying may include 
displaying the pressure within the at least one combustion 


chamber of the at least one turbine and/or simultaneously 
displaying the pressure within the at least one combustion 
chamber of a plurality of turbines. 

[0013] The method may also include the step, performed by the 
combustion dynamics monitoring device, of generating 
frequency information revealing acoustic vibrations in the 
at least one turbine. The step of generating frequency in- 
formation may include identifying the maximum pressure 
within each of the at least one combustion chamber of the 
at least one turbine. The step of generating frequency in- 
formation may also include identifying acoustic vibrations 
in the at least one turbine in a plurality of frequency 
bands. According to another aspect of the invention, the 
plurality of frequency bands exist within the frequency 
ranges of 0 to about 3200 Hertz. 

[0014] The step of displaying may also include displaying the at 
least one combustion chamber having a maximum pres- 
sure value measured by the at least one combustion dy- 
namics monitoring device. Furthermore, the step of dis- 
playing may include displaying the site location of the at 
least one turbine. 
Brief Description of Drawings 


[0015] Having thus described the invention in general terms, ref- 


erence will now be made to the accompanying drawings, 
which are not necessarily drawn to scale, and wherein:FIG. 
1 shows a block diagram illustrating components com- 
prising combustion dynamics monitoring system, accord- 
ing to one embodiment of the present invention. 

[0016] FIG. 2 shows a block diagram illustrating components 
comprising a fleet server, according to one embodiment 
of the present invention. 

[0017] FIG. 3 shows a graphical user interface implemented by 
the fleet data dynamics tool to enable a user to view the 
combustion dynamics of a fleet of turbines, according to 
one embodiment of the invention. 

[0018] FIG. 4 shows another graphical user interface imple- 
mented by the fleet data dynamics tool to enable a user to 
view the combustion dynamics of a fleet of turbines, ac- 
cording to one embodiment of the invention. 

[0019] FIG. 5 shows a block diagram flowchart illustrating the 

timing of transmission of data in the combustion dynam- 
ics monitoring system of FIG. 1, according to one embodi- 
ment of the present invention. 

[0020] FIG. 6 shows a control panel implemented by the fleet 
data dynamics tool to enable a user to control the fleet 
data dynamics tool, according to one embodiment of the 


invention. 

[0021] FIG. 7 sliows a detail view of turbine and other data, and 
computation results based thereon, from a fleet turbines, 
according to one embodiment of the invention. 

[0022] FIG. 8 shows a graphical user interface implemented by 
the fleet data dynamics tool to enable a user to view 
graphical representations of the combustion dynamics of 
a fleet of turbines, according to one embodiment of the 
invention. 

[0023] FIG. 9 illustrates how the graphical representation of the 
combustion dynamics of a turbine is generated in the 
graphical user interface of FIG. 8, according to one em- 
bodiment of the invention. 

[0024] FIG. 10 illustrates a graphical user interface implemented 
by the fleet data dynamics tool to enable a user to view 
specific combustion dynamic details of a particular tur- 
bine, according to one embodiment of the invention. 
Detailed Description 

[0025] The present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as Mm- 


ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 
[0026] The present invention is described below with reference to 
block diagrams and flowchart illustrations of methods, 
apparatuses (i.e., systems) and computer program prod- 
ucts according to an embodiment of the invention. It will 
be understood that each block of the block diagrams and 
flowchart illustrations, and combinations of blocks in the 
block diagrams and flowchart illustrations, respectively, 
can be implemented by computer program instructions. 
These computer program instructions may be loaded onto 
one or more general purpose computers, special purpose 
computers, or other programmable data processing appa- 
ratus to produce machines, such that the instructions 
which execute on the computers or other programmable 
data processing apparatus create means for implementing 
the functions specified in the flowchart block or blocks. 
Such computer program instructions may also be stored 
in a computer-readable memory that can direct a com- 
puter or other programmable data processing apparatus 


to function in a particular manner, sucli that the instruc- 
tions stored in the computer-readable memory produce 
an article of manufacture including instruction means that 
implement the function specified in the flowchart block or 
blocks. 

[0027] FIG. 1 shows a block diagram illustrating components 

comprising a combustion dynamics monitoring system 10, 
according to one embodiment of the present invention. 

[0028] As illustrated in FIG. 1, the system 10 includes a fleet 
server 12 in communication with combustion dynamics 
monitoring devices 22, 27, 32 via a network 18, which may 
be a wide-area network (WAN), such as the Internet, a lo- 
cal area network (LAN), or another high-speed network as 
known to those of skill in the art. The combustion dynam- 
ics monitoring devices 22, 27, 32 illustrated in FIG. 1 are 
operable to measure the pressure within the combustion 
chambers of respective turbines 20, 25, 30 with which they 
are associated. According to a preferred embodiment of 
the present invention, the combustion dynamics monitor- 
ing devices 22, 27, 32 are in communication with the fleet 
server 12 using TCP/IP and Ethernet connections via one 
or more high speed links, such as T-1 lines. Alternative 
methods of communicating over the network 18 may also 


be used, such as with conventional modems using plain 
old telephone service (POTS). 
[0029] As is also shown in FIG. 1, the fleet server 12 is optionally 
in communication with turbine monitoring devices 23, 28, 
33 via the network 18. As with the combustion dynamics 
monitoring devices 22, 27, 32, each turbine monitoring de- 
vice 23, 27, 33 corresponds to a particular turbine 20, 25, 
30. Generally, the turbine monitoring devices 23, 28, 33 are 
operable to report information to the fleet server 12 con- 
cerning the operation of their respective turbines 20, 25, 
30. Although the present invention will be described 
herein with respect to a combustion dynamics monitoring 
system iO that includes turbine monitoring devices 23, 28, 
33 in communication with a fleet server 12, it should be 
appreciated that the turbine monitoring devices 23, 28, 33 
are optional and not required for proper operation of the 
system 10. 

[0030] Referring again to FIG. 1, the fleet server 12 includes a 

fleet data dynamics tool i5 that receives information spe- 
cific to individual turbines 20, 25, 30 located at remote 
and/or local sites. The fleet data dynamics tool i5 gener- 
ates one or more graphical user interfaces, described in 
detail below, to display data illustrative of the operational 


status of one or more turbines. Because the fleet data dy- 
namics tool i5 collects and displays information from tur- 
bines 20, 25, 30 at multiple remote locations, the fleet data 
dynamics tool 15 permits a single user to monitor the tur- 
bines, as opposed to requiring numerous, dispersed users 
who locally monitor each turbine. The fleet data dynamics 
tool 15 permits a single user feedback on the operation of 
the turbine combustion systems, thereby permitting the 
user to identify whether a turbine should be tuned so that 
it is operating with an appropriate balance between com- 
bustion dynamics and emissions. According to one aspect 
of the invention, the fleet data dynamics tool i5 also per- 
mits closed loop control of turbines with or without re- 
quiring user intervention. 
[0031] As noted above, each combustion dynamics monitoring 

device 22, 27, 32 and each turbine monitoring device 23, 27, 
33 corresponds to a particular turbine 20, 25, 30, U.S. 
Patent Nos. 6,722,135, 6,708,568, and 6,694,832, the 
content of each of which are incorporated herein by refer- 
ence, generally describe the use of combustion chamber 
monitoring devices, such as the combustion dynamics 
monitoring devices 22, 27, 32 illustrated in FIG. 1, to mon- 
itor vibration in the firing chamber of gas turbines. More 


specifically, the combustion dynamics monitoring devices 
22, 27, 32 are operable to measure the pressure within 
each turbine combustion chamber and can execute a Fast 
Fourier Transform on pressure readings that converts the 
pressure readings into a set of frequency spectrums, 
which show whether acoustic vibrations occur at different 
frequencies. Viewing the frequencies at which vibrations 
occur permits a technician or engineer to tune a turbine. 
Because combustion dynamics (or chamber) monitoring 
devices are described in detail in the above-incorporated 
patents, the devices will not be described in further detail 
herein. 

[0032] Each combustion dynamics monitoring device 22, 27, 32 
creates frequency spectrums representing acoustic vibra- 
tions in an associated turbine 20, 25, 30. The combustion 
dynamics monitoring devices 22, 27, 32 report this infor- 
mation to the fleet server 12 in the form of dynamics data. 
This dynamics data includes, for multiple frequency 
bands, the maximum, minimum, and median pressure 
values for each combustion chamber, as well as the as 
well as frequency at which each occurs. The combustion 
dynamics monitoring devices 22, 27, 32 also forward mean 
and standard deviation values for pressure over all com- 


bustion chambers for the same multiple frequency bands. 
Additionally, error information is provided for the operat- 
ing condition of the combustion dynamics monitoring de- 
vices 22, 27, 32. According to one aspect of the present in- 
vention, the dynamics data is generated local to each tur- 
bine 20, 25, 30 and forwarded to the fleet server 12 upon 
request by the server 12. According to a preferred embod- 
iment of the present invention, this occurs periodically, 
such as every 10 minutes. According to an alternative em- 
bodiment of the present invention, the dynamics data may 
be transmitted from the combustion dynamics monitoring 
devices 22, 27, 32 to the fleet server 12 routinely or in real- 
time or near real-time regardless of whether the fleet 
server 12 requests the dynamics data. The dynamics data 
is stored by the fleet server 12, as described in detail be- 
low, and is used to produce the graphical user interfaces 
that enable monitoring and/or control of the turbines 20, 
25, 30. 

[0033] According to one embodiment of the present invention, 
each turbine monitoring device 23, 28, 33 is operable to 
communicate non-pressure related turbine data for each 
turbine. Specifically, the turbine monitoring devices 23, 28, 
33 may report turbine data, which may include non- 


combustion related data associated witli eacli turbine, 
such as the temperature distribution of exhaust gases ex- 
iting a turbine, fuel flow information, barometric pressure, 
exhaust pressure, compressor discharge pressure, com- 
pressor pressure ratio, fuel stroke reference, compressor 
inlet air mass flow, maximum vibration, DLN mode enu- 
merated state, turbine shaft speed, watts generated, com- 
pressor inlet temperature, fuel gas temperature, combus- 
tion reference temperature, exhaust temperature median 
corrected by average, and other well known operating pa- 
rameters useful in analyzing the operation of a turbine. 
This turbine data, like the dynamics data, may also be 
transmitted periodically or in real-time or near-real time 
to the fleet server i2 for use in monitoring the condition 
of turbines 20, 25, 30. 
[0034] As is also shown in FIG. 1, other data 35 related to tur- 
bines may also be used by the fleet data dynamics tool 15, 
such as generator information, emission information, or 
the like. For instance, the other data 35 may include infor- 
mation received from a generator monitor, such as har- 
monic noise parameters like the amplitude of a micro- 
phone at 120 Hertz, the Harmonic Noise Index (HNI), an 
odd component of the HNI, an even component of the 


HNI, the vibration component at 60 hertz, the vibration 
component at 120 hertz, and/or the vibration component 
at 600 hertz. The other data 35 may also include informa- 
tion received from an emissions monitor, such as carbon 
monoxide, 02, Nox, and / or corrected values for each. 
[0035] The combustion dynamics monitoring devices 22, 27, 32 
described with respect to FIG. 1 and throughout the 
present disclosure are positioned local to but external 
from turbines 20, 25, 30 that the monitor. However, it will 
be appreciated by those of ordinary skill in the art that the 
combustion dynamics monitoring devices 22, 27, 32 may 
also be located internal to the turbines 20, 25, 30. Accord- 
ing to one aspect of the present invention, a combustion 
dynamics monitoring device may be incorporated into the 
turbine control system of each turbine to allow the turbine 
control system to make control decisions about turbine 
operations using the combustion dynamics information. 
For instance, using its own logic the turbine control sys- 
tem may set control parameters to achieve specific oper- 
ating conditions requested by the operator. Sensors can 
measure the resulting operating conditions and feed them 
back to the control system, which may use the measure- 
ments to further adjust settings to improve operating 


conditions until the requested operating conditions are 
acliieved. Tlie control system safeguards the turbine by 
monitoring whether it is operating within safe conditions. 
And if safe conditions are exceeded, the control system 
may alter the operating conditions and may, if necessary, 
shut down the turbine down. These control decisions may 
be based in part or entirely on combustion dynamics in- 
formation provided by a combustion dynamics monitoring 
device. FIG. 2 shows a block diagram illustrating compo- 
nents comprising the fleet server 12, according to one 
embodiment of the present invention. As illustrated in 
FIG. 2, the fleet server 12 generally includes a processor 
40, operating system 45, memory 50, input/output inter- 
face 70, database 65 and bus 60. The bus 60 includes data 
and address bus lines to facilitate communication between 
the processor 40, operating system 45 and the other com- 
ponents within the server 12, including the fleet data dy- 
namics tool 15, the input/output interface 70 and the 
database 65. The processor 40 executes the operating 
system 45, and together the processor 40 and operating 
system 45 are operable to execute functions implemented 
by the fleet server 12, including software applications 
stored in the memory 50, as is well known in the art. 


Specifically, to implement the methods described herein 
the processor 40 and operating system 45 are operable to 
execute the fleet data dynamics tool 15 stored within the 
memory 50. 

[0036] It will be appreciated that the memory 50 in which the 
fleet data dynamics tool 15 resides may include random 
access memory, read-only memory, a hard disk drive, a 
floppy disk drive, a CD Rom drive, or optical disk drive, 
for storing information on various computer-readable 
media, such as a hard disk, a removable magnetic disk, or 
a CD-ROM disk. Generally, the fleet data dynamics tool 15 
receives information input or received by the fleet server 
12, including dynamics data 85, turbine and other data 80, 
operator input data 75, and historical data 90. Using this 
information the fleet data dynamics tool 15 generates the 
graphical user interfaces described in detail with reference 
to FIGS. 3, 4 and 6-10 to enable a single user to monitor 
the combustion dynamics of multiple remote turbines. 

[0037] Furthermore, given the pressure information provided by 
a combustion dynamics monitoring devices 23, 27, 32 the 
operation of each turbine 20, 25, 30 may be altered for su- 
perior efficiency and operation. This operation of the tur- 
bine 20, 25, 30 may be further refined given turbine data 


such as the temperature distribution of exhaust gases and 
fuel flow information for a turbine. It will be appreciated 
by those of ordinary skill in the art that the turbine data 
may therefore aid a user of the remote monitoring system 
of the present invention in interpreting the dynamics 
monitoring data. 

[0038] Referring again to FIG. 2, the processor 40 is in communi- 
cation with the Input/Output (I/O) interface 70 to control 
I/O devices of the fleet server 12. Typical user I/O devices 
may include a video display, keyboard, mouse or other in- 
put or output devices. Additionally, the I/O interface 70 
provides one or more I/O ports and/or one or more net- 
work interfaces (e.g., Ethernet connections) that permit 
the fleet server i2 to receive and transmit information. For 
instance, according to one aspect of the invention, the 
fleet server 12 may retrieve data from remote sources, 
such as via a LAN, WAN, the Internet, or the like, to imple- 
ment the functions described herein. Therefore, the I/O 
interface 70 may also include a system, such as a modem, 
for effecting a connection to a communications network. 

[0039] The database 65 of the fleet server 12, which is connected 
to the bus 60 by an appropriate interface, may include 
random access memory, read-only memory, a hard disk 


drive, a floppy disk drive, a CD Rom drive, or optical disk 
drive, for storing information on various computer-read- 
able media, such as a hard disk, a removable magnetic 
disk, or a CD-ROM disk. In general, the purpose of the 
database 65 is to provide non-volatile storage to the fleet 
server 12. As shown in FIG. 2, the database may include 
one or more tables, segments, files or sub-databases op- 
erable to store dynamics data 85, turbine and other data 
80, operator input data 75, historical data 90 as well as 
other information such as computed results from calcula- 
tions performed by the fleet data dynamics tool 15. 
[0040] The dynamics data 85 includes the most recent sets of dy- 
namics data received from the combustion dynamics 
monitoring devices associated with each turbine in a fleet 
of turbines. The turbine and other data 80, which is op- 
tional, includes turbine data received from each moni- 
tored turbine. The dynamics data 85 received from the 
combustion dynamics monitoring devices include, for 
each frequency band, the maximum, minimum, and me- 
dian values for pressure as well as frequency and chamber 
for each. The dynamics data 85 also includes forward 
mean and standard deviation values for pressure over all 
combustion chambers for the same multiple frequency 


bands. Additionally, the dynamics data 85 may include er- 
ror information for the operating condition of the moni- 
toring device itself. 
[0041] According to a preferred embodiment of the present in- 
vention, all of the dynamics data 85 and any turbine and 
other data 80 received by the fleet server 12 include tur- 
bine identification information that enables the fleet 
server 12 to correlate the received data 80, 85 with a par- 
ticular turbine. This identification information is prefer- 
ably the serial number of the turbine with which the de- 
vices are associated. As explained in detail below, the 
fleet data dynamics tool 15 may use the dynamics data 85 
and, optionally, the turbine and other data 80, to generate 
the graphical user interfaces presented to a user of the 
fleet data dynamics tool 15. The historical data 90 may 
also contain historical dynamics, turbine and other data to 
permit a historical log of such information to be main- 
tained. This may permit a user of the fleet data dynamics 
tool 15 to consider the operational history of a turbine 
when making decisions impacting the operation of the 
turbine. Although the historical data 90 is illustrated as 
being stored separately from the dynamics data 85 and 
turbine and other data 80, the historical data 90 may also 


be stored with the dynamics data 85 and turbine and other 
data 80. 

[0042] The operator input data 75 includes information input by a 
user to control the operation of the fleet data dynamics 
tool 15. As described in detail below, this information can 
include the length of time that passes (if any) before the 
fleet data dynamics tool 15 requests updated dynamics 
data 85 and turbine and other data 80 from the monitoring 
devices, default criteria (such as pressure levels) used to 
generate warnings that turbines may be approaching or 
exceeding maximum operation levels, and like informa- 
tion. Finally, the database 65 may also include computed 
results necessary for generating the GUIs discussed in de- 
tail below, including color-coded dashboard states, error 
codes and the like. 

[0043] It is important to note that the computer-readable media 
described above with respect to the memory 50 and 
database 65 could be replaced by any other type of com- 
puter-readable media known in the art. Such media in- 
clude, for example, magnetic cassettes, flash memory 
cards, digital video disks, and Bernoulli cartridges. It will 
be also appreciated by one of ordinary skill in the art that 
one or more of the fleet server 12 components may be lo- 


cated geographically remotely from other fleet server 12 
components. For instance, the dynamics data 85 and tur- 
bine and other data 80 and historical data 90 may be lo- 
cated geographically remote from the fleet server 12, such 
that historical data 90 and dynamics data 85 turbine and 
other data 80 are accessed or retrieved from a remote 
source in communication with the server i2 via the I/O in- 
terface 70. 

[0044] It should also be appreciated that the components illus- 
trated in FIG. 2 support combinations of means for per- 
forming the specified functions described herein. As 
noted above, it will also be understood that each block of 
the block diagrams, and combinations of blocks in the 
block diagrams, can be implemented by special purpose 
hardware-based computer systems that perform the 
specified functions or steps, or combinations of special 
purpose hardware and computer instructions. Further, the 
fleet server 12 may be embodied as a data processing sys- 
tem or a computer program product on a computer-read- 
able storage medium having computer-readable program 
code means embodied in the storage medium. Any suit- 
able computer-readable storage medium may be utilized 
including hard disks, CD-ROMs, DVDs, optical storage de- 


vices, or magnetic storage devices. Accordingly, the fleet 
server 12 may take the form of an entirely hardware em- 
bodiment, an entirely software embodiment or an embod- 
iment combining software and hardware aspects, such as 
firmware. 

[0045] According to a preferred embodiment, the fleet server 12 
represents a stand-alone computer operating a Windows® 
operating system, where the fleet data dynamics tool 15 
represents specialized functions implemented thereby, 
and the database 65 represents a SQL database. Further- 
more, according to a preferred embodiment of the present 
invention, the fleet data dynamics tool 15 may be imple- 
mented by special instructions running on Microsoft Ex- 
cel™. It will be appreciated that the server 12 may be im- 
plemented using alternative operating systems and 
databases as are known to those of skill in the art. Fur- 
thermore, though illustrated individually in FIG. 2, each 
component of the fleet server 12 may be combined with 
other components within the fleet server i2 to effect the 
functions described herein. The functions of the present 
invention will next be described in detail with reference to 
block diagram flowcharts and graphical user interfaces 
describing the processing and graphical display of infor- 


mation by and between the individual elements of FIG. 1, 
as well as the elements that comprise the embodiment of 
the fleet server 12 illustrated in FIG. 2. 

[0046] FIG. 3 shows a graphical user interface generated by the 
fleet data dynamics tool 15 to enable a user to view the 
combustion dynamics of a fleet of turbines, according to 
one embodiment of the invention. Specifically, FIG. 3 
shows an index interface iOO that displays a list of all tur- 
bines in a fleet of devices, including the site name 105, 
turbine serial number (S/N) iiO, and unit 115. According 
to one aspect of the present invention, the S/N llO identi- 
fies a specific turbine, such that the site name 105 and 
unit 115 may be ascertained from the S/N llO. Therefore, 
given the known S/Ns llO of turbines within a fleet that is 
monitored using the systems and methods of present in- 
vention, the site names 105 and units 115 may be deter- 
mined by the fleet data dynamics tool 15 from a lookup 
table, such as may be stored in the historical data 90 of 
the database 65. 

[0047] As shown in FIG. 3, each turbine S/N llO has a color- 
coded background to match one of several categories dis- 
played on the key 120 in the index interface 100. The 
color-coded backgrounds permit a user to quickly deter- 


mine the operating condition of every turbine in a fleet. 
Table 1 below illustrates the specific categories, along 
with a description of each, that correspond to the color- 
coded S/N 110 background. 


Color Category Description 

Getting data ftom device and no unusual values 
The peak values for all frequency bands are less 
than 1 PSl 

The peak value from at least one frequency band is 
over4PSI 

The peak value from at least one frequency band is 
over 5 PSI 

Expected data is overdue 
No device has been assigned to the serial number 
One or more anomalies has been detected for this 

Customer contract has not been signed 
Table 1: Key Categories 


Color 1 

No issues 

Color 2 

Not running 

Color 3 

Peak Amp > 


4 PSI 

Color 4 

Peak Amp > 


5 PSI 

Color 5 

Disconnected 

Color 6 

Unused 

Color 7 

*AnomaIy* 

Color 8 

No Contract 


[0048] To determine which of the above categories exist for each 
respective S/N 110, the fleet data dynamics tool i5 com- 
pares the most recently received dynamics data 85 and 
turbine and other data 80, as stored in the database 65, 
from each turbine to user input data 75, specifically, pre- 
established combustion dynamics limits used to identify 
whether a turbine is running properly. As noted through- 
out the present disclosure, the turbine and other data 80 
are optional, though the embodiments of the present in- 
vention described herein include the use of such data. The 
appropriate dynamics data 85 and turbine and other data 
80 may be identified by the fleet data dynamics tool 15 by 
the S/N associated with the data, which is the same as the 
S/N 110 that identifies the turbines in the index interface 
100. As explained in detail below, the index interface uses 
1, 4, and 5 PSI as default pre-established limits. Theses 
limits are stored as user input data 75 within the database 
65. Although these default limits are used in the illustra- 
tive interface shown in FIG. 3, it will be appreciated that 
other limits may be established. Furthermore, it will be 
appreciated that at least some of the categories shown in 
FIG. 1 are determined without reference to the pre- 
established combustion limits, such as when no dynamics 


data is being received from a particular turbine. 
[0049] vvitli reference to tlie l<ey 120, wlien tlie most-recently re- 
ceived dynamics data falls within the combustion dynam- 
ics limits the fleet data dynamics tool 15 provides the S/N 
iiO with a Color 1 background, which corresponds to "No 
Issues" category. This means that the turbine is currently 
operating and within normal parameters. If the most- 
recently received dynamics data includes pressures in ev- 
ery frequency band that are less than a default pressure of 
1 PSI, the Color 2 background is provided, which indicates 
that the turbine is not running. The Color 3 background is 
preferably yellow, and is used to illustrate that the peak 
PSI amplitude from the most-recently received dynamics 
data, in any frequency band, is greater than 4 PSI. For 
conventional turbines in a fleet of turbines that are moni- 
tored, this may represent a combustion chamber pressure 
value that is higher than normal, but still within operating 
limits. 

[0050] Next, the Color 4 background is preferably red. This illus- 
trated that the most-recently received dynamics data in- 
cludes at least one measurement of greater than 5 PSI in 
one of the frequency bands, which may representative of 
acoustic vibrations that may cause damage to the turbine 


or the flame in the turbine being extinguished. As such, 
the Color 4 background is intended to alert the user of the 
fleet data dynamics tool i5 that a turbine is operating near 
its fail point. Therefore, a user of the fleet data dynamics 
tool 15 is alerted of this condition via the index interface. 
It will be appreciated that the default pressure of 5 PS! 
may be changed based on the type of turbines within the 
fleet, as some types of turbines may be able to handle 
greater combustion chamber pressures. 
[0051] Color 5 indicates that dynamics data is not being received 
from the turbine. This may be caused by the connection 
between the fleet server i2 and turbine being discon- 
nected, as may occur due to a network error or the turbine 
being off-line. Color 6 indicates that a turbine has not 
been assigned to the serial number, so no site i05 or unit 
ii5 corresponds to the unused S/N. An anomaly is repre- 
sented by Color 7, which may occur where the dynamics 
data is flawed, such as when measurements deviate from 
normal expectations. The further a measurement devia- 
tion is from a pre-set expected value, the more extreme 
the anomaly classification may become. These classifica- 
tions typically include yellow (out of normal operating 
conditions) and red (risk of damage to equipment under 


these conditions). Finally, Color 8 is indicative of turbines 
where the customer has not yet signed the service agree- 
ment to receive the monitoring function of the fleet dy- 
namics tool. 

[0052] The index interface 100 also permits a user to highlight 
the site name and unit of a particular turbine by moving 
an arrow key or cursor (e.g., using a mouse) over the tur- 
bine's S/N 110. By left clicking on the S/N 110, or other- 
wise selecting a S/N 110, a user may open the monitor in- 
terface described below with respect to FIG. 8. 

[0053] FIG. 4 shows another graphical user interface imple- 
mented by the fleet data dynamics tool i5 to enable a user 
to view the combustion dynamics of a fleet of turbines, 
according to one embodiment of the invention. The dash- 
board interface i30 shown in FIG. 4 displays a table of tur- 
bine S/Ns 135. These S/Ns 135 correspond to the S/Ns 115 
discussed above with respect to FIG. 3. The turbine S/Ns 
i35 are also color coded using the key i40 categories dis- 
cussed above with respect to FIG. 3. The dashboard inter- 
face provides no additional monitoring information over 
the index interface iOO of FIG. 3, but permits a larger 
number of turbines to be simultaneously represented on a 
single screen. Like the index interface 100, a user may 


move a mouse cursor over a turbine S/N 135. By left click- 
ing on the S/N 135, or using other input means to select a 
S/N 135, the user may open the monitor interface de- 
scribed in detail below with respect to FIG. 8. When the 
monitor interface is opened from the dashboard interface 
130 in this manner, the specific S/N 135 selected may be 
highlighted or outlined in the monitor interface. Further- 
more, a pop-up display, such as a Microsoft ExceP'^tool 
tip, showing the site name and unit corresponding to a 
turbine S/N 135 may be displayed when the mouse cursor 
stops over a turbine S/N 135. 
[0054] Next, FIG. 5 shows a block diagram flowchart 150 illustrat- 
ing the timing of transmission of dynamics data in the 
combustion dynamics monitoring system of FIG. 1, ac- 
cording to one embodiment of the present invention. Ac- 
cording to a preferred embodiment of the present inven- 
tion, the fleet data dynamics tool iSdoes not monitor 
each turbine in real time; rather, the fleet data dynamics 
tool i5 queries each turbine intermittently, such as every 
10 minutes. FIG. 5 illustrates that this process occurs 
through the use of a timer. In block 155, a timer is initi- 
ated, in which a user establishes the amount of time that 
will pass in between queries of each turbine being moni- 


tored by the system of the present invention. This occurs 
using a control panel, which is discussed in greater below 
with reference to FIG. 6. The timer data is stored in the 
user input data 75 of the database 65. The timer begins 
counting upon initiation by the user. Once a timer is initi- 
ated, the fleet server immediately establishes communica- 
tion with a particular turbine to be queried. More specifi- 
cally, the fleet server configures a communication link 
(block 160) through which communication can occur with 
the combustion dynamics monitoring device and option- 
ally, the turbine monitoring devices, associated with the 
turbine to be queried. 
[0055] The fleet data dynamics tool 15 then waits for the timer to 
expire or for the arrival of the turbine and other data to be 
received (block i^5). If the timer has expired before data 
arrives (block 170), the fleet server 12 is operable to flag or 
highlight stale timestamps and dynamics data (block 180). 
More specifically, if the current time is later than the time 
of the last received message plus the query time interval, 
the color of the date and time in the display changes from 
a green font color on a normal blue background to a yel- 
low font color on a red background. For instance, in FIG. 8 
the date and time for Griffith 297480 are shown to be 


highlighted. The fleet server 12 is also operable to test the 
connection between the server 12 and the turbine that 
should have transmitted dynamics data prior to expiration 
of the timer. The fleet data dynamics tool 15 may then re- 
set the timer (block 180) and wait for the next event. On 
the other hand, where the dynamics data has arrived, the 
data is decoded (if necessary) by the fleet data dynamics 
tool 15 and is stored as dynamics data 85 in the database 
65. Based on this newly received data, the fleet data dy- 
namics tool 15 is then operable to update all of the graph- 
ical user interfaces described herein. 
[0056] According to a preferred embodiment of the present in- 
vention, six updates per hour per site is sufficient to pro- 
vide the user information on how a particular turbine site 
is running. Therefore, the timer is preferably set at 10 
minutes. When dynamics data 85 arrives from each site, 
the data includes a single sample of dynamics data cap- 
tured at the instant the combustion dynamics monitoring 
device receives the request for dynamics data from the 
fleet server 12, According to another aspect of the present 
invention, the combustion dynamics monitoring devices 
may average dynamics data readings taken over a period 
of the last ten minutes, and forward the averaged dynam- 


ics data to the fleet server 12. This averaging may drop 
abnormally high or low values that are in error and may 
otherwise skew the correct output from the combustion 
dynamics monitor. Additionally, it will be appreciated that 
although the present invention is described herein with 
the operation of a timer, the fleet server 12 may also re- 
ceive dynamics data from combustion dynamics monitor- 
ing devices constantly, on a real-time or near real-time 
basis. 

[0057] Next, FIG. 6 shows a control panel interface 200 imple- 
mented by the fleet data dynamics tool i5 to enable a user 
to control the fleet data dynamics tool i5, according to 
one embodiment of the invention. As described in detail 
above, combustion dynamics monitoring devices send in- 
formation packets including dynamics data to the fleet 
server 12 at a user-configurable rate corresponding to the 
timer. The fleet data dynamics tool 15 saves these packets 
in the form of dynamics data 85. The tool 15 accommo- 
dates any new packets from new combustion dynamics 
monitoring devices by overwriting buffers or dynamics 
data 85 with updated information for existing sources. Al- 
ternatively, as discussed above, the fleet data dynamics 
tool 15 may move or retain old dynamics data and old tur- 


bine and other data instead of replacing the data with up- 
dated information. 

[0058] As shown in FIG. 6, the control panel interface 200 is used 
to control automatic operations of the fleet data dynamics 
tool 15. The upper frame 206 of the control panel interface 
200 includes controls for the timer. The timer is triggered 
every minute on the minute and updates time and date as 
well as the color-coding of the status fields in the various 
worksheets. The MAX_TIME time interval 205 may be set 
by the user to determine the threshold for stale status 
warnings, where MAX_TIME is the length of time between 
each query of the combustion monitors. Buttons are pro- 
vided to disable 2i0 and reset 2i5 the timer. Therefore, 
the Reset Timer button 215 resets the timer function using 
the current time and the MAX.TIME query interval to cal- 
culate the NEXT.TIME for the timer event. 

[0059] The lower frame 222 controls communications functions of 
the fleet data dynamics tool 15. The lower frame 222 in- 
cludes a remote server address and port field 220, where 
the remote server address is the IP address of the Fleet 
Server i2, and the remote server port is the UDP port 
number for the Fleet Server 12. These are used to enable a 
user to access the fleet data dynamics tool i5 when using 


a computer other than the fleet server 12. According to 
one aspect of the invention, the default remote server ad- 
dress is the IP address for a terminal server, which is a 
computer that allows multiple users to simultaneously log 
into the fleet data dynamics tool i5 from their own desk- 
top or laptop computer, where each user has a unique 
workspace that preserves their own work and preferences. 
The "my UDP" port field 225 is the UDP port number se- 
lected by each user to identify them to the fleet server 12. 
This may be used to identify particular users, for instance, 
users with different access rights to particular functions of 
the fleet data dynamics tool 15. If a port already in use is 
selected, a message appears on the screen warning the 
user. 

[0060] The start button 230 sends a fleet data request to the fleet 
server i2 with a command requesting that it be put on a 
subscriber list to receive all subsequent fleet data mes- 
sages. In response, it gets a dump of all current fleet 
messages and any new messages that come in the future. 
The update button 235 sends a fleet data request to the 
fleet server i2 with a command requesting all current in- 
formation. In response, it gets a dump of all current fleet 
messages and any new messages that come in the future. 


The stop button 240 sends a fleet data request to the fleet 
server i2 with a command requesting that it be removed 
from the subscriber list. In response, no further messages 
will be sent to that client and that client will be removed 
from the client subscriber list. 

[0061] FIG. 7 shows a detail view of dynamics data andturbine 
and other data received by the fleet server 12 from a fleet 
turbines, according to one embodiment of the invention. 
The dynamics data 85 and turbine and other data is pro- 
vided to a user via the data worksheet interface 250 illus- 
trated in FIG. 7. The interface displays all data transmitted 
from the combustion dynamics monitors in the fleet. 

[0062] FIG. 8 shows a monitor interface 260 implemented by the 
fleet data dynamics tool 15 to enable a user to view 
graphical representations of the combustion dynamics of 
a fleet of turbines, according to one embodiment of the 
invention. Using the monitor interface 260 the user may 
see, at a glance, the status of an entire fleet. The fleet 
summary data are organized in a matrix, illustrated in FIG. 
8 as five (5) columns wide, and with as many rows as are 
required (including 5 in FIG. 8). Each cell 265 in the matrix 
includes the site name, the turbine S/N, the time and date 
of the most recent data communication, a high peak 


warning, a chart showing the minimum, maximum and 
median values for four (4) frequency bands, and the can 
number and frequency of the maximum value for the re- 
spective can. 

[0063] FIG. 9 illustrates how the graphical representation of the 
combustion dynamics of a turbine is generated in the 
graphical user interface of FIG. 8, according to one em- 
bodiment of the invention. More specifically, FIG. 9 shows 
how a single cell 265 is generated for use in the monitor 
interface of FIG. 8. As shown in FIG. 9, the cell compo- 
nents include a site name 270, which displays the name of 
the site at which the monitored turbine is located. This in- 
formation is stored in the database 65, for instance, as 
user input data 75, and may be entered manually for all 
new turbines to be monitored. The turbine serial number 
(TSN) 275 displays the S/N for the monitored turbine. 
Next, the high peak warning 300 is only displayed if the 
max PSI amplitude for any frequency band exceeds 4 PSI. 
The background for this warning indicator may be red or 
blinking so as to warn a user of the high pressure occur- 
ring in the turbine. 

[0064] The date and time fields indicate the date and time of the 
last report. The grid 286 includes identifies the combus- 


tion chamber (or "can") 285 in which the maximum pres- 
sure value reading occurs for each frequency band, illus- 
trated in FIG. 9 as blow out 292 (B), low 294 (L), mid 296 
(M), and high 298 (H). Although these frequency ranges 
are configurable, according to one embodiment of the in- 
vention, the blow out 292 (B) band is 0-120 Hertz, the low 
294 (L) band is 120-180 Hertz, and the high 298 (H) band 
is 180-3200 Hertz. Acoustic vibrations in each of the fre- 
quency bands help identify typical problems the turbine 
may be having. For instance, a sluggish fuel valve may 
cause a low frequency oscillation, whereas dirty fuel injec- 
tors may cause an oscillation in a middle frequency. Grid 
286 also identifies the frequency of the highest oscillation 
290 for each of the bands. For instance, CD_MAXA_BC 
shows the combustion chamber showing the highest 
acoustics vibration and CD_MAXA_BF shows the frequency 
at which the vibration occurred. 
[0065] The magnitude bar chart 280 shows the magnitude of the 
frequency vibration for each band. Specifically, the bar 
chart 280 shows the minimum, median and maximum 
acoustic vibration values (measured in PS!) for each fre- 
quency band. As shown in the figure, each of the mini- 
mum, median and maximum values may be represented 


by different shapes or colors to enable the user to distin- 
guish between the values. For instance, the median value 
may be represented by a triangle, whereas the maximum 
value may be shown in red. In the illustrative example 
shown in FIG. 9, the Duke 297197 turbine has its most 
significant vibration in can 2, at 44 Hz. 
[0066] FIG. 10 illustrates a graphical user interface implemented 
by the fleet data dynamics tool to enable a user to view 
specific combustion dynamic details of a particular tur- 
bine, according to one embodiment of the invention. The 
detail interface 310 shown in FIG. 10 displays the detailed 
information for a specific turbine. It reproduces the cell 
3i5 from the monitor interface on the left, although all 
values are exposed. Point names for these values are 
available as comments that are displayed whenever the 
mouse pointer passes over them. EDAS-CE error codes are 
decoded and displayed in the center of the worksheet. 
These are errors reported by the EDAS_CE system and in- 
clude error codes associated with failure of hardware, 
software, connections, data errors, and the like. Explana- 
tions are provided as comments, which are displayed 
whenever the mouse pointer passes over them. The 
anomalies are displayed in a table on the right of the 


sheet. These anomalies are preferably generic and modu- 
lar, and each may be loaded in a plug and play fashion. 
The anomaly message may contain a timestamp, the 
anomaly identifier, and a mask specifying the anomaly 
state (green, yellow, red) for each combustion chamber. 
[0067] Many modifications and other embodiments of the inven- 
tions set forth herein will come to mind to one skilled in 
the art to which these inventions pertain having the bene- 
fit of the teachings presented in the foregoing descrip- 
tions and the associated drawings. Thus, it will be appre- 
ciated by those of ordinary skill in the art that the present 
invention may be embodied in many forms and should not 
be limited to the embodiments described above. For in- 
stance, the present invention may be used to evaluate 
wind turbines, electric transformers, generators, and hy- 
dro-powered equipment. Therefore, it is to be understood 
that the inventions are not to be limited to the specific 
embodiments disclosed and that modifications and other 
embodiments are intended to be included within the 
scope of the appended claims. Although specific terms are 
employed herein, they are used in a generic and descrip- 
tive sense only and not for purposes of limitation. 


